We report newly obtained data of total suspended sediment concentrations (C s ) and water discharges from the Maan Stream in the eastern Taiwan, where intermittent supply-limited conditions with a minimal constant load were invoked for sediment discharge (Hovius et al. 2000) . The main evidence for the supply-limited condition is the many zero values of C s corresponding to low-flow conditions recorded in the hydrological archive of the Water Resources Agency (WRA) of Taiwan. Such conditions form a distinct mode in the rating relationship between loading and discharge, which is discontinuous from the normal mode. However, our data raise serious doubt regarding the sensitivity of the measurements that produced data in support of the minimal constant load. A field sampling from April 4 to May 5, 2003, was conducted in the Ma-an Stream during a very dry period. Our observations showed no zero values, even though the sampling period was one of the driest periods in comparison with historical records. In our study, 11 of 35 daily samples gave C s values between 10 and 100 mg L
Introduction
On the basis of historical records from the Ma-an Stream published in the hydrological yearbooks by the Water Resources Agency (WRA) in Taiwan, Hovius et al. (2000) proposed a supply and removal model for rivers in the longitudinal valley of eastern Taiwan. The supply-limitation concept was further applied to the Chihpen River and other rivers in the Manuscript received October 2, 2003; accepted September 10, 2004. 1 Author for correspondence; P.O. Box 1-55, Nankang, Taipei, Taiwan.
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3 Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan. 4 Institute of Hydrological Sciences, National Central University, Jungli, Taoyuan, Taiwan. same area by Fuller et al. (2003;  fig. 1 ), who established a statistical model for the assessment of sediment loading. In a recent synthesis published in Nature on the variability of sediment production on the entire Taiwan island, Dadson et al. (2003) used the time-average method in the reassessment of sediment discharges at 130 gauging stations in Taiwan. The concept of supply-limited conditions, when essentially no sediments are available for discharge, became the main reason for Dadson et al. (2003) to abandon the traditional rating curve method. Here we report newly obtained data of total suspended sediment concentrations (C s ) and water discharges (Q) from the Ma-an Stream that challenge the very foundation of the evidence in support of the supplylimited condition with either no or minimal con- used by Fuller et al. (2003) black dots p gauges stant sediment load. We provide some background information concerning the recent interest in mountainous streams of Taiwan and the present study.
Environmental conditions in Taiwan such as high uplift rate, frequent typhoons and earthquakes, weak basement rocks, and steep channel and land slopes of upstream watersheds result in high sediment production rates that are more than two orders of magnitude greater than the world average on a unit area basis (Milliman and Meade 1983; Milliman 1991; Milliman and Syvitski 1992) . The extraordinarily high erosion rate that represents an extreme condition in the global erosion map has drawn much international interest recently from researchers who study processes and factors controlling riverine sediment supply and removal (Hovius et al. 2000; Dadson et al. 2003; Fuller et al. 2003) , bedrock incision (Hartshorn et al. 2002) , and trace metal/organic carbon exports from land (Meybeck 1999; Carey et al. 2002; Lyons et al. 2002) . Analysis of historical hydrologic data may reveal the controlling factors on sediment production and its responses to external forces in drainage basins (e.g., Krishnaswamy et al. 2001; Kao and Liu 2002) . However, the availability of long-term hydrologic data, including rainfall, stream flow, and sediment concentration, at multiple stations in river basins in a humid climate is rare (Bruijnzeel 1993) . This makes the rich archive of decades of hydrologic data in Taiwan especially valuable for study, yet precautions must be taken in using these data.
In the WRA's records from gauging stations in eastern Taiwan, there are many null values of C s , which result in zero sediment loads (L s ) on many occasions. Hovius et al. (2000) and Fuller et al. (2003) categorized these occasions as days without measurable sediments. Therefore, they classified time periods in the data records into two categories: those when sediments were available for transport and those when sediments were not (i.e., supplylimited periods). For the supply-limited days, they introduced an artificial minimum load of 1 t d
Ϫ1
. However, the introduction of a minimal constant load by Hovius et al. (2000) consequently results in a discontinuous dual-mode rating relationship, which precludes the application of an empirical rating equation to the estimation of sediment loads by using water discharges. This became the major reason for Dadson et al. (2003) to use the timeaverage method instead.
We present field observations from the Ma-an Stream over a 1-mo period of low flow to demonstrate that the C s value never dropped to 0 and that the rating relationship between L s and Q always falls on a positive and continuous trend. We suggest that the dual-mode rating relationship proposed for the gauging stations of the rivers in the longitudinal valley is an artifact that can hardly occur at these stations. The channel characteristics of these eastern Taiwanese rivers support our notion.
Field Observations and Results
To verify the reported zero values of sediment concentration in the hydrologic yearbooks and to characterize the dynamic relationship between sediment concentration and discharge, we conducted a field sampling project from April 4 to May 5, 2003, at the Ma-an Station ( fig. 1 ). One-liter water samples were taken daily for measurement of C s by filtration. Precaution was taken to avoid disturbing the settled sediments on the riverbed. Whatman GF/F filters were used. The filter blank was obtained by filtering 1 L of distilled water. The mean of the blank values from 10 duplicates is 0.05 ‫ע‬ mg L Ϫ1 ( ) . 0.01 n p 10 During our sampling period, the C s values varied between 14 and 3045 mg L Ϫ1 , covarying with the daily discharge ( fig. 2 ), which varied between 3.2 and 10.0 m 3 s Ϫ1 ( fig. 2a ; data from the WRA). The mean discharge of 5.1 m 3 s Ϫ1 is close to the reported monthly mean for April. The daily rainfall that ranged from 0 to 65 mm d Ϫ1 ( fig. 2a ; data from the WRA) drove the variation of C s and daily water discharge. The C s and Q values rose sharply within a day after a heavy rainfall. Such quick hydrological response is typical for small mountainous watersheds in Taiwan. After the peak of the flood passed, the C s values decreased gradually to several tens of milligrams per liter. On occasion, minor peaks followed the major peak on the recession limb of the hydrograph that were induced by lesser rainfall events. However, during 1 mo of daily sampling, we did not observe any zero C s values, even on the day of the lowest discharge of 3.2 m 3 s Ϫ1 . The lowest values of C s are significantly higher than the blank value of the filtration procedure. The relationship between C s and Q is log linear (fig. 2b) . The backtransformed log-log regression function (power law) is
s where , .
2 R p 0.60 n p 35 The significant correlation between C s and Q indicates that the observed variation of C s is meaningful and reflects the dynamic condition of sediment transport. 
Discussion
For the Ma-an station, the climatological monthly average discharge reported by WRA ranges from 6.4 to 30.0 m 3 s Ϫ1 . The dry season is from December (average m 3 s Ϫ1 ) to May (7.5 m 3 s Ϫ1 ) discharge p 8.4 of the next year. April is the driest month, with an average discharge of 6.4 m 3 s Ϫ1 . On a daily basis, the effects of torrential rains are more obvious, as indicated by occasional high discharges exceeding 100 m 3 s Ϫ1 ( fig. 3a) . Between 1980 and 1994, there were 5382 daily records for discharge that fluctuated over three orders of magnitude, showing sudden peaks caused by typhoon rains in summer and consistent lows in late spring ( fig. 3a) fig. 3a, open circles) . The nonzero C s values ranged from ∼100 to 40,000 mg L Ϫ1 , fluctuating more than two orders of magnitude. In an expanded time-axis and the log scale for the discharge, figure 3b shows more clearly the dramatic change of discharge during flood inundation and recession. It also reveals that the nonzero values occurred mostly in summer, when floods arose.
The frequency distribution of the daily discharge records reported by WRA is shown in figure 3c (gray columns). More than 80% of the recorded Q values ranged between 2 and 20 m 3 s Ϫ1 . Fewer than 1% of the daily discharges were higher than 100 m 3 s Ϫ1 . The frequency distribution of the daily discharges corresponding to the 453 C s values ( fig. 3d, black  columns) is similar to that of the entire record of daily discharge. The similarity indicates that the sediment sampling scheme of WRA covers a sufficiently wide range of river discharge conditions representative of the entire period.
The frequency distribution ( fig. 4a ) of the 453 reported C s values from WRA is dominated by the high occurrences of zero values, which represent 77% of total reported values. Most of the zero values of C s from the Ma-an Station corresponded to lower discharge conditions. Similarly, 68% of the C s values from the 11 stations (some of them were shown in fig. 1 ) used by Fuller et al. (2003) were null. By contrast, our field observations showed no zero values ( fig. 4b ), although the discharges were very low. For the Ma-an Station, only 1 in the 104 nonzero C s values in the WRA records are !100 mg L Ϫ1 ( fig. 4a ), whereas 11 of 35 values from our own observations are !100 mg L Ϫ1 . A similar situation is also found in records from many other WRA gauge stations, such as the Shou-feng, Wan-li, and Hsiukuluan Stations ( fig. 1) . The high cutoff value of the WRA records suggests that the method used by WRA may not have been sufficiently sensitive and therefore has a rather high detection limit. Therefore most, if not all, of the zero values were not actually 0 but nonmeasurable by the WRA method. Instead, they could be finite values up to 100 mg L Ϫ1 . Our observations contradict the frequent occurrences of zero values of C s in the WRA reports and consequently raise doubt about the model proposed by Hovius et al. (2000) . Plotting our data together with the WRA's data for comparison ( fig. 5) , we find that our data points are consistent with the trend shown by the WRA data points. The two sets of data form a positive and continuous trend, with our data extending downward to the lower left of the C s -Q and L s -Q scatterplots ( fig. 5 ). The constant L s introduced by Hovius et al. (2000) , as indicated by the shaded area on the X-axis in figure 5b, leads to a discontinuous dual-mode pattern in the L s -Q relationship, which is not supported by our findings.
The sediment rating-curve is the most widely adapted method for estimating sediment concentration and load (Campbell and Bauder 1940; Walling 1977; Ferguson 1987; Crawford 1991; Gordova and Gonzalez 1997; Inman and Jenkins 1999; Syvitski et al. 2000) . The empirical relationship between the infrequently sampled C s (or L s ) versus correspondingly sampled Q is often in the power law function
s where k and b are the rating coefficient and exponent. The L s is similarly related to the water discharge by the power law: The rating curve function, which preferably is constructed on a year-to-year basis, can be applied by using water discharge records to estimate the annual sediment load (Kao and Liu 2001) . When exponent , C s increases with the increasing Q b 1 0 value as indicated by equation (2). The increase of Q, which is driven by rainfall that may enhance erosivity, will enlarge the sediment-carrying capacity, induce exponential increase of C s , and consequently result in magnification of L s . This illustrates a transport-dominated export for watersheds. The suspended sediments in river water come from various sources such as surface soil, riverbank, river channel, or flood plain. It is certainly true that any change in sediment availability in those sources may alter the rating relationship. Because the major events that may cause such changes usually occur during yearly or multiyear cycles, the yearly rating curve, which manifests the dependency of sediment load on transport condition, can satisfactorily reflect the availability of sediment supply.
In contrast, the supply-limited condition with a minimal constant L s assumed by Hovius et al. (2000) could have been achieved only if the exponent equals Ϫ1 in equation (3), which represents a strong dilution during the sediment discharge. If such a condition did exist, it means the whole watershed had been in a "sediment-starved" situation, and sediment supply would have controlled sediment export. The negative rating exponent is at odds with our understanding of sediment-rich Taiwanese rivers. Moreover, such a condition implies a discontinuous dual-mode rating relationship, which forbids straightforward application of a continuous rating equation. Instead, it requires preclassification of sediment discharges into the supply-limited mode or the transport-limited mode for the estimation of sediment loading. Using this concept, Dadson et al. (2003) deemed the rating curve method improper in estimating sediment load for most Taiwanese rivers, and they therefore abandoned the rating curve for the time-average method.
Sediment supply is certainly important, but existing data strongly suggest that sediment loading in most watersheds of Taiwan is transport dominated rather than supply dominated on a yearly basis. A strong indication of this is the rather high power of the rating curve, that is, with the exponent considerably 11 in rating relationships such as in equation (1). Transport-dominated export does not mean that the river flow is always at its carrying capacity with maximal C s . Sediment supply can still play an important role in regulating rating parameters under transport-dominated circumstances during the period of the rating curve. In fact, this is why we have advocated the use of yearly data for the construction of rating curves Liu 2001, 2002) in order to catch the different supply conditions from year to year. However, our observations suggest that the supply-limited mode as described by Hovius et al. (2000) appears to be an artifact brought about by the insensitivity of the WRA analytical technique. The importance of the geomorphological control of the sediment transport processes in three rivers in the longitudinal valley as an example is discussed subsequently.
The Ma-an, Shou-feng, and Wan-li Streams are branches of the Hualien River (figs. 1, 6). They all flow eastward from the Central Range to the Hualien-Taitung Longitudinal Valley ( fig. 1 ). The relief profiles along the axes of these stream channels show dramatic changes of the channel slopes, where these streams enter the Longitudinal Valley ( fig. 6 ). The abrupt decrease in channel slope results in significant sediment deposition due to reduction of flow speed. Consequently, alluvial fans are well developed as a result of sediment deposition at the foothill of the Central Range ( fig. 6 ). The three gauging stations are located at fluvial fans, which contain fine-grained sediments among cobbles and gravels. The fine-grained sediments are readily available to be transported by stream flow. In other words, the sediment supply would not reach sediment-starved condition at any time, and the sediment transport should mostly depend on the magnitude of stream flow.
This simple geomorphological fact explains our findings of strong positive correlation between sediment concentration and the discharge rate. Such a geomorphic feature characterizes almost all eastern Taiwanese rivers, including the Hsiukuluan River and the Peinan River ( fig. 1 ). Because most of the WRA's gauging stations are located on the fluvial fans, it is unlikely that any WRA records could bear evidence to the sediment-starved conditions as proposed by Hovius et al. (2000) .
Conclusions
The newly obtained data of total suspended sediment concentrations (C s ) from the Ma-an Stream in the eastern Taiwan showed no zero values. This contradicts the fact that more than two-thirds of C s values are null in the WRA records for the rivers at the foothill of the Central Range in eastern Taiwan. The relationships between C s and Q and between L s and Q all demonstrate that our data are consistent with the trend manifested by the nonzero values from the WRA records. The possible cause for null values is that the method used by WRA may have a rather high detection limit. Our observations do not support the discontinuous dual-mode rating relationship proposed by Hovius et al. (2000) . The supply-limited mode appears to be an artifact, and the assumption of constant L s for this mode implies a sediment-starved condition, which can hardly occur in Taiwanese rivers.
Overall, the concept of sediment supply as an important controlling factor in sediment loading stressed by Hovius et al. (2000) and Fuller et al. (2003) deserves recognition and warrants further study. However, the discontinuous dual-mode rating relationship that evolved from their conceptual model might easily mislead readers into thinking that the rating curve method is invalid for estimating sediment loads of Taiwan rivers. We suggest that researchers employ caution when using WRA's data set and that they ignore zero C s values when constructing the sediment rating curves for Taiwanese rivers.
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